Potential Type II Cepheids are identified in surveys of the galaxies IC 1613, M33, M101, M106, M31, NGC 4603, and the SMC, complementing previous discoveries of Type II Cepheids in NGC 5128, NGC 3198, and the LMC. The most distant Type II Cepheid observed may be associated with NGC 4603 (d ≃ 29 Mpc). Preliminary results confirm that Type II Cepheids could play an important role as standard candles, in constraining the effects of metallicity on Cepheid distances to galaxies, and in mapping extinction.
Introduction
Although Type II Cepheids have been included as potential distance indicators along with other types of luminous objects, their comparative faintness relative to classical Cepheids and the possibility of a non-unique period-luminosity relation have frequently precluded their use as standard candles. It was noted by Majaess et al. (2009) that Ferrarese et al. (2007) and Kelson et al. (1999) appear to have discovered and observed Type II Cepheids in their surveys of the galaxies NGC 5128 and NGC 3198, respectively. The present study expands the search for extragalactic Type II Cepheids with the goal of investigating whether or not they can serve as viable standard candles Matsunaga et al. 2009 ), analogous to their classical Cepheid counterparts (e.g., Thim et al. 2003; Pietrzyński et al. 2006; Gieren et al. 2008; Turner 2009 ).
If Type II Cepheids prove practical for such a purpose, it follows that statistical uncertainties in recent estimates of H 0 might be reduced through an increase in the number of independent distance estimates for galaxies used for calibration (Freedman & Madore 1996; Freedman et al. 2001) . Type II Cepheids could also be identified and used to estimate distances to galaxies that do not contain young massive stars like classical Cepheids (Turner 1996) , since Type II Cepheids originate from an older, low-mass population (Wallerstein 2002) . Type II Cepheids also offer hope for an empirical resolution to the debate surrounding the effect of metallicity on the determination of distances to galaxies containing classical Cepheid variables. Distances computed to classical and Type II Cepheids in a particular galaxy should be comparable, with any identifiable differences possibly linked to metallicity effects . A large statistical sample is needed, however, to test such a proposition.
This study employs reddening-free Cepheid relations to highlight the potential membership of Type II Cepheids in the galaxies IC 1613 (Udalski et al. 2001) , M106 (Macri et al. 2006) , M33 Hartman et al. 2006; Bersier et al. 2008; Scowcroft et al. 2009 ), M101 (Kelson et al. 1996; Stetson et al. 1998 ), M31 (Bonanos et al. 2003) , NGC 4603 (Zepf et al. 1997; Newman et al. 1999) , and the Small Magellanic Cloud , and discusses the effect of metallicity on reddenings and distances determined from Type II and classical Cepheids. A VI colour excess relation calibrated with classical Cepheids in the solar neighborhood is demonstrated to be valid as well for Type II Fig. 1 .-Wesenheit period-magnitude diagrams for the galaxies studied here. Solid lines indicate the Wesenheit functions for classical Cepheids pulsating in the overtone and fundamental modes, and Type II Cepheids.
Cepheids of the BL Her and W Vir subclasses.
Extragalactic Type II Cepheids
For each galaxy examined here, Type II and classical Cepheids were identified by their locations in reddening-free period-magnitude diagrams (van den Bergh 1968; Madore 1982) . The distances were then computed using the corresponding reddening-free Cepheid distance relationship (Opolski 1983; Majaess et al. , 2009 .
The reddening-free Cepheid distance relationships were obtained via least squares techniques applied to specific samples of standard stars. For classical Cepheids the sample consisted of Galactic cluster Cepheids (e.g., Turner & Burke 2002) and Cepheids with new HST parallaxes (Benedict et al. 2007 ). Defining the relation strictly as a Galactic calibration is somewhat ambiguous given that Milky Way Cepheids appear to follow a galactocentric metallicity gradient (Andrievsky et al. 2002,b) . The relation is tied to Galactic classical Cepheids that exhibit near solar abundances (Andrievsky et al. 2002,b) . For Type II Cepheids the sample consisted of LMC variables observed by the OGLE survey Soszyński et al. 2008) .
Wesenheit reddening-free parameterizations for classical Cepheids pulsating in the first overtone (OT) and fundamental (FU) mode, and for Type II Cepheids (TII), can be deduced from OGLE observations of the LMC Soszyński et al. 2008) :
W V I (F U ) = −(3.294 ± 0.015)(log P ) + (15.822 ± 0.010) W V I (OT ) = −(3.365 ± 0.020)(log P ) + (15.321 ± 0.007)
BL Her, W Vir, and RV Tau variables do not follow the same linear Wesenheit function ), but the above Type II Cepheid relation is sufficient for the present objectives. It is also noted that the formal uncertainties cited above may be too optimistic. The colour coefficient used here, β = −2.55, is that employed by Fouqué et al. (2007) . The colour term in the traditional Wesenheit formulation is chosen to be identical to the ratio of total-to-selective absorption R in order to minimize the effects of interstellar reddening on the luminosities (see Turner 2009 , for a broader discussion). The slopes of the W V I relations do indeed vary between galaxies, but the effects are not large enough to affect the present objectives and are left to a separate study. The functions were applied to each studied galaxy to identify likely classical Cepheids pulsating in the overtone and fundamental modes, as well as Type II Cepheids. The relationships were shifted in tandem by the same zero-point to correct for a difference in modulus between the calibrating galaxy (the LMC) and the target galaxy under inspection. Classical and Type II Cepheid candidates in the surveys of Hartman et al. (2006) and Bersier et al. (2008) were identified by first constructing a Wesenheit function for g ′ and i ′ magnitudes:
where the appropriate colour coefficient (β = 2.22) for the magnitude system was determined from parameters tabulated by Schlegel et al. (1998) . A total of 100+ Type II Cepheid candidates were tentatively identified in: IC 1613 (Udalski et al. 2001) , M106 (Macri et al. 2006) , M33 Hartman et al. 2006; Bersier et al. 2008; Scowcroft et al. 2009 ), M101 (Kelson et al. 1996; Stetson et al. 1998 ), M31 (Bonanos et al. 2003) , NGC 4603 (Zepf et al. 1997; Newman et al. 1999) , and the Small Magellanic Cloud . Data for a subsample of Type II Cepheid candidates identified in the study are presented in Table 3 as an appendix. Once classifications were established for a sample set of stars exhibiting photometric variability (Fig. 1) , period-distance and positiondistance diagrams were constructed using both reddening-free classical and Type II Cepheid distance relations ), a sample is provided in Fig. 2 . A summary of the distances derived for each galaxy in the sample from the different types of Cepheids is given in Table  1 , where (i) and (o) denote the inner and outer regions, respectively, of the galaxies. Lastly, it is noted that the SMC's distance was inferred using Type II Cepheids lying towards the center of the strip. Indeed, inadequate sampling of the Type II Cepheid instability strip is a concern and may result in biased distance estimates for the SMC and IC 1613.
Cepheid Metallicity Effect

Effects on color
Precise, geometric (i.e., metallicity-independent) distance estimates for the sample of galaxies studied here are rare, for example the maser distance to M106 by Herrnstein et al. (2005) . That complicates efforts to constrain the effect of metallicity on Cepheid distances. In contrast, reddenings are readily available and established by a set of autonomous methods. The intrinsic colour of a Cepheid, and hence its temperature, is considered sensitive to metallicity (see references in the review by Feast 1999) . Consequently, a Cepheid V I colour-excess relation ( §4, Eqn. 3) calibrated with Galactic classical Cepheids in the solar neighborhood should yield a spurious estimate of reddening for Cepheids in the metalpoor galaxy IC 1613 (Udalski et al. 2001 ). The two samples exhibit a sizeable metallicity difference, namely ∆[F e/H] ≃ 1. Yet this is contradicted by the reddening of classical Cepheids in IC 1613 established by means of Eqn. 3, Note.-References: (1) Udalski et al. (2001) , (2) Udalski et al. (1999) , (3) Scowcroft et al. (2009) , (4) Macri et al. (2001) , (5) Bonanos et al. (2003), (6) Macri et al. (2006) , (7) Newman et al. (2001) , (8) Maoz et al. (1999) , (9) Stetson et al. (1998) , (10) Kelson et al. (1999) , (11) Zepf et al. (1997) . See text regarding the Type II distances for the SMC and IC 1613.
which agrees with the result obtained from independent COBE/DIRBE/IRAS/ISSA/HI/2MASS data (E B−V ≃ 0.05 ± 0.03 vs. E B−V ≃ 0.06, see Table 2 ). The colour-excess relation (Eqn. 3) appears to provide a reasonable estimate of reddening for Type II Cepheids (BL Her and W Vir subclasses) as well as an additional test for metallicity effects, granted Type II Cepheids and classical Cepheids exhibit similar colours at a given period. That is demonstrated by the good agreement of reddenings for Type II Cepheids in the globular clusters NGC 6441 (Pritzl et al. 2003) , M54 (Pritzl et al. 2003) , M15 (Corwin et al. 2008) , and the Large Magellanic Cloud with independent determinations (Table 2) . No metallicity corrections were applied. It follows that to within the uncertainties intrinsic (V − I) colour must be relatively insensitive to metallicity.
Line blanketing
Classical Cepheids in the SMC are metal poor in comparison with Cepheids in the LMC and solar neighbourhood (Luck et al. 1998; Andrievsky et al. 2002,b; Mottini 2006) .
Although the classical Cepheid distance relation used here is calibrated from Galactic Cepheids in the solar neighbourhood , the slope of the V I reddening-free Cepheid distance relation appears relatively insensitive to metallicity (Fig. 3 , see also , likewise for other V I Cepheid relations (Udalski et al. 2001; Pietrzyński et al. 2004; Benedict et al. 2007; van Leeuwen et al. 2007; Fouqué et al. 2007 ). Yet a strong bias is observed in the computed distances as a function of period for a BV reddening-free classical Cepheid distance relation (Fig. 3) . Such a trend was noted previously (Chiosi et al. 1993; , and could be attributed to the sensitivity of BV photometry to lineblanketing, which may become more prominent with decreasing temperature and thus increasing period. The bias is also confirmed when computing the distance to SMC Cepheids by means of the Galactic Cepheid relationships derived by Fouqué et al. (2007) . The ratio of total to selective extinction can be adjusted to minimize the bias, but the value required to linearize the relation across all periods is unrealistically small (R v ≃ 1.5). Admittedly, a disadvantage of the reddening-free Cepheid distance relations employed here is that the ratio of total to selective extinction is not a free parameter . It is also noted, in hindsight, that the colour coefficient for the BV relation may be rather large, although it is somewhat consistent with the value adopted by Madore & Freedman (1991) . Further work is needed here. 
Effects on distance
The data in Table 1 indicate that the distance moduli for the inner regions of spiral galaxies in the sample derived from classical Cepheids are consistently smaller than similar distance moduli derived for Cepheids in their outer regions. The canonical explanation attributes the difference to a metallicity gradient (Fig. 4 ). Yet there are some concerns regarding that premise. For example, the distances computed to the two data sets that sample the inner regions of M106 (Newman et al. 2001; Macri et al. 2006) , where the abundances are similar, differ by 0.36 (see Table 1 ). Unless such desparate results are reconciled, efforts to establish a metallicity effect for the Cepheids in M106 remain questionable. In other cases the small metallicity corrections proposed by fellow research groups appear too small to account for the differences in distance between the inner and outer regions of the galaxies examined. The implied difference in distance modulus be- Maoz et al. (1999) and Newman et al. (2001) are omitted. Evaluating δ(m − M ) 0 /δZ by a straight division of the aformentioned values, rather than applying a linear fit to the data, yields γ ≃ 0.58 mag dex −1 . The results of Macri et al. (2006) (Fig. 4) indicate that the functional dependence of metallicity on distance could more aptly be characterized as non-linear (e.g., a polynomial).
Next, Majaess et al. (2009) found that the distances inferred for the globular clusters NGC 6441, M54, M5, and M15 (Pritzl et al. 2003) by means of an LMC-calibrated Type II Cepheid distance relation Soszyński et al. 2008; Majaess et al. 2009 ) are consistent with literature values for the same clusters (Harris 1996) , which are often linked to model isochrone fits to the photometric data for the main sequence, subgiant, red giant, and horizontal branches of the clusters. No metallicity corrections were applied in the calculations, despite an abundance difference of nearly ∆[F e/H] ≃ 1.75 between NGC 6441 and M15 (Harris 1996) , the two extreme clusters in the sample. The close agreement in distance estimates implies that the metallicity effect is not large and within the uncertainties, at least for Type II Cepheids (see also Matsunaga et al. 2009 ). Additional support is provided by the present results, which demonstrate that Type II and Classical Cepheids yield very similar distance moduli to the sample galaxies, albeit within somewhat large uncertainties. The adoption of the metallicity correction described above would also result in discrepant distances to the globular clusters (e.g., NGC 6441 or M15), provided that the calibrating set of LMC Type II Cepheids Soszyński et al. 2008 ) exhibit a metallicity consistent with LMC RR Lyr variables ([F e/H] ≃ −1.5, see Clementini et al. (2003) and references therein). Moreover, if such a metallicity correction is applied to the classical Cepheids in the LMC, it would reduce the distance modulus to (m − M ) 0 ≤ 18.25. A value of 18.25 lies beyond the uncertainty of the mean distance computed to the LMC by a variety of methods Benedict et al. 2002) , although there are fellow research groups who advocate a short LMC distance scale (Stanek et al. 1998; Udalski et al. 1998) .
A possible alternative to invoking the effects of metallicity to explain the observed offset in distance between the inner and outer regions is to consider the spurious effects of blending. Empirical evidence for possibly pernicious environmental effects inherent to the inner regions of galaxies can be seen in the Cepheid distance diagrams for M33 and M106 (Fig. 4) : classical Cepheids that sample the inner region exhibit nearly twice the photometric scatter of classical Cepheids sampling the outer region. The inner regions likely suffer from a larger background signal and increased contamination through crowding and blending. The distance moduli for the inner regions of M33, M106, and M101 are approximately 10% smaller than values derived for Cepheids in their outer regions (see §2), where the effects of blending are presumably much smaller. The trend is generally consistent with that expected from blending (Stanek & Udalski 1999; Mochejska et al. 2000 Mochejska et al. , 2001 . Admittedly, the debate surrounding the effects of blending is equally as contentious as that of metallicity. Nevertheless, if the systemic distance offset between the outer and inner regions does indeed arise from blending, it follows that values of H 0 derived from classical Cepheids may be overestimated.
Parameterization for Interstellar Extinction
A new photometric colour excess relation based on VI photometry is provided here to address concerns surrounding the effect of metallicity on Cepheid variables ( §3) and to facilitate the mapping of interstellar reddening for regions of the Milky Way and other galaxies. A classical Cepheid's colour excess can be closely approximated by noting that:
where α, β, and φ are co-efficients that can be derived by minimizing the χ 2 statistic for a calibrating data set (Table 1 of and m λ1 and m λ2 are photometric magnitudes in different passbands. The optimum solution here is:
which reproduces the calibrating set with an average uncertainty of ±0.03 magnitude. The true scatter applying to use of the relationship for individual classical Cepheids may be larger. VJ, VH, and VK relations are practical alternatives for determining colour excesses by other means , and can provide first order estimates to complement reddenings derived by means of BVI c photometry (Laney & Stobie 1994; Laney & Caldwell 2007) , spectroscopic analyses (Kovtyukh et al. 2008) , and space reddenings (Turner 1984; Benedict et al. 2007; Turner et al. 2008) . (2006), Udalski et al. (2001) , and (Harris 1996) . Schlegel et al. (1998) reddenings computed via the NED extinction calculator. 2MASS field reddenings derived following the prescription of Turner et al. (2008) .
Summary & Discussion
Over a hundred extragalactic variables have been tentatively identified as possible Type II Cepheids in the galaxies IC 1613, M106, M101, M33, M31, NGC 4603, and the SMC, in addition to Type II Cepheids found in the LMC, NGC 3198, and NGC 5128. The identifications are preliminary.
The distances inferred for Type II Cepheids in the above galaxies are generally consistent with those obtained from classical Cepheids. Type II Cepheids are also found in the most distant galaxy surveyed by the HST Key Project Team (Freedman & Madore 1996; Freedman et al. 2001 ), NGC 4603, at an estimated distance of d = 29 ± 5 Mpc. It follows that Type II Cepheids are viable standard candles. A survey of Type II Cepheids in nearby galaxies should therefore place stronger constraints on the calibration of H 0 . Such variables may also be useful for establishing distances to galaxies where a young population containing more massive classical Cepheids (Turner 1996) is absent, since Type II Cepheids are old low-mass stars (Wallerstein 2002) . Although the present results are preliminary in nature, the consistent distance estimates found for the sample galaxies from Type II and classical Cepheids indicate that possible metallicity effects cannot be large (see also Majaess et al. 2009 ).
Intrinsic B-V colour is again identifed as sensitive to metallicity, likely because of line blanketing. By contrast, V-I colour is argued to be relatively insensitive to the effects of metallicity, both in terms of line blanketing and a sizeable temperature change (see §3). A new Cepheid VI colourexcess relation calibrated with classical Cepheids in the solar neighborhood is constructed to support such a claim, as well as to provide a reliable way of establishing reddenings for Type II Cepheids (BL Her and W Vir subclasses only). Reddenings derived using the relation for classical and Type II Cepheids in the LMC, IC 1613, NGC 6441, M54, and M15, which span a range of metallicities from [F e/H] ∼ −0.3 to −2.3: are consistent with independent measures. No corrections for metallicity were made.
Discrepancies in the distance moduli of classical Cepheids sampling the inner and outer regions of M101, M106, and M33, are confirmed. However, concerns are raised about attributing the implied differences in distance to a metallicity gradient. For example, observations of Cepheids in the inner region of M106 yield contradictory distance moduli, and the modest metallicity correction proposed in the literature is nearly a factor of two too small to account for the disparities found here. An alternative explanation could be the deleterious effects of blending (Stanek & Udalski 1999; Mochejska et al. 2000 Mochejska et al. , 2001 . Empirical evidence for such an effect is possibly observed in the computed distance moduli to classical Cepheids sampling the inner regions of M33 and M106, which exhibit twice the scatter as classical Cepheids located in the less crowded outer regions. More work is needed to investigate any connection to a systemic distance offset. Increasing the number of galaxies with Cepheids observed in both their inner and outer regions is also needed (e.g., Macri et al. 2006; Scowcroft et al. 2009 ).
The continued discovery of extragalactic Type II Cepheids will certainly help to advance the field. So too will the discovery and subsequent establishment of mean photometry for Type II Cepheids in globular clusters (Clement et al. 2001; Pritzl et al. 2003; Matsunaga et al. 2006; Randall et al. 2007; Rabidoux et al. 2007; Corwin et al. 2008) . A forthcoming paper shall describe how similar efforts are being pursued from the Abbey-Ridge Observatory (ARO) (Lane 2007; Majaess et al. 2008b; Turner et al. 2009 ), in addition to the establishment of mean photometry for Type II Cepheids in the field (Berdnikov & Turner 2001; Schmidt et al. 2004 Schmidt et al. ,b,c, 2009 , and the determination of intrinsic colors for such a sample by means of space reddenings (Turner 1984; Turner et al. 2008) . The latter research shall support an ongoing objective to map the Type II Cepheid instability strip. Similar efforts have resulted in a successful mapping of the instability strip for classical Cepheids (Turner 2001 (Turner , 2009 ). Dedicated photometric monitoring from the ARO is also enabling the period evolution of these stars to be constrained, so to affirm evolutionary models (Wallerstein 2002; Turner et al. 2006) . A holistic approach is needed to advance our knowledge, and even modest telescopes may serve a pertinent role in Cepheid research (Percy 1980 (Percy , 1986 Szabados 2003; Turner et al. 2009 ). Macri et al. (2001) , (4) Bonanos et al. (2003) , (5) Stetson et al. (1998) , (6) Udalski et al. (1999) , (7) Macri et al. (2006) , (8) Newman et al. (2001) .
